Abstract. The aim of the present study was to establish a series of criteria based on lymphopenia and thrombocytosis to determine prognosis for patients with colorectal carcinoma. Correlation of preoperative lymphopenia and thrombocytosis with clinicopathological characteristics was investigated in 215 patients with colorectal carcinoma who had undergone surgical treatment. Multivariate analysis showed that the presence of at least either lymphopenia or thrombocytosis (P=0.006), venous invasion (P=0.003) and the stage of tumors (P=0.019) were independent prognostic indicators. Lymphocyte percentage and platelet counts that can be determined using only data from complete blood counts may therefore serve as simple and useful tools to appropriately determine prognosis for patients with colorectal carcinoma.
Introduction
An application of the simple data of complete blood count (CBC) to predict the malignant potential of the tumor and/or prognosis of patients has been attempted.
Decrease in lymphocytes in peripheral blood means the tendency of impaired immunity of the cancer-bearing hosts (1) . Therefore, previous investigations have demonstrated that the prognosis of patients with a decrease in lymphocyte counts or the lymphocyte/neutrophil ratio in peripheral blood proved to be markedly worse in carcinoma of the stomach (2), colon and rectum (3) .
Moreover, an increase in the platelet in peripheral blood, i.e., thrombocytosis, has also been reported to be correlated with a more aggressive potential of malignant tumors, including colorectal carcinoma (4-6).
Therefore, it could be hypothesized, that the criteria to determine prognosis for patients with colorectal carcinoma should be established with a decrease in lymphocytes and an increase in the platelet in peripheral blood.
In this study, we attempted to establish some simple criteria based on lymphopenia and thrombocytosis to predict prognosis for patients with colorectal carcinoma.
Patients and methods
Patients, collection of blood samples and laboratory measurements. In total, 215 patients with colorectal carcinoma, treated by resection and lymph node dissection at the Fukuoka Higashi Medical Center (Koga, Japan) between January, 2003 and February, 2010, were included in this study. Patients with a history of malignant tumors in other organs were excluded from this study. The patients were between 24 and 90 years of age (mean, 70 years), and comprised 125 males and 90 females. No neoadjuvant therapy had been administered to patients enrolled in our study.
The blood samples were collected just prior to surgery, to measure CBC including lymphocyte proportion and platelet counts in the peripheral blood.
The border value of the lymphocyte proportion and platelet counts in the peripheral blood in the measuring device at our institute were estimated to be 20.0% and 35.0x10 4 /mm 2 , respectively. Therefore, in this study, lymphocyte proportion <20.0% and platelet counts >35.0x10 4 /mm 2 were defined as lymphopenia and thrombocytosis, respectively.
The correlation of preoperative lymphopenia and thrombocytosis with the clinicopathological characteristics of the patients was investigated.
Clinicopathological characteristics. The clinicopathological characteristics were examined according to the TNM tumor stages determined by the TNM classification of malignant tumors prescribed by the International Union Against Cancer (7).
Patient follow-up. The follow-up for patients was continued until they succumbed to the disease and only patients who passed away of colorectal carcinoma were included in the tumor-related mortality. The time period between the surgery and the date of death was defined as the survival time. The post-surgery follow-up interval ranged from 2 months to 7 years.
Statistical analysis. Statistical analysis was carried out using the StatView (SAS Institute Inc., Cary, NC, USA). The Chi-square test was used to compare the differences between proportion values. The Mann-Whitney test was used to compare the age of patients. Survival curves were created using the Kaplan-Meier method, while the Mantel-Cox test was used to analyze the equality of the survival curves. A Cox proportional hazards model was used in a forward stepwise manner to determine the independent prognoticators by multivariate analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
Univariate analysis demonstrated that survival rates of patients with lymphopenia or thrombocytosis was markedly worse compared to patients without these abnormalities, respectively (P=0.012 and P=0.013; Figs. 1 and 2) .
The clinicopathological characteristics were compared in patients with either or both lymphopenia and thrombocytosis and in patients with neither (Table I) . A statistically significant difference was observed regarding depth and stage of the tumors (P=0.003 and P=0.045, respectively). The 1-, 3-and 5-year survival rates of patients with either or both lymphopenia and thrombocytosis were 86.8, 70.8 and 60.4%, respectively, markedly worse compared to patients with neither (98.3, 89.9 and 89.9%, respectively, P=0.0006; Fig. 3 ).
Multivariate analysis demonstrated that the presence of either or both lymphopenia and thrombocytosis (P=0.006) as well as of factors including lymphatic invasion (P=0.009) and stage of tumors (P=0.003) proved to be independently associated with worse prognosis for the patients (Table II) .
Discussion
An infiltration of inflammatory cells including neutrophils into the tumors may promote tumor growth by the production of certain chemokines (8) , whereas infiltration of lymphocyte is involved in the antitumor immune response, that may also be suppressed by neutrophils (9) . Therefore a decrease in lymphocytes is likely to reflect an increase in neutrophils that might eventually be correlated with an increase of cellular aggressiveness of the tumor. Preoperative high platelet counts have been used as indicators of an aggressive potential of the tumor and therefore prognosis of patients with digestive malignant tumors including esophageal (4), gastric (5) and colorectal carcinomas (6) . Certain cytokines including pro-inflammatory cytokines, such as interleukin-1 (IL-1), IL-6, tumor necrosis factor (TNF), macrophage colony-stimulating factor and granulocyte colony-stimulating factor, are known to promote an increase in the platelet in peripheral blood, termed thrombocytosis, in tumor-bearing patients (10) (11) (12) . In the present study, a significant correlation between an increase in platelet counts and preoperative serum elevation of C-reactive protein, which is also known to be upregulated by certain pro-inflammatory cytokines including IL-6 (13), was found (data not shown).
These findings demonstrate that cytokines produced by tumor growth may result in a thrombocytosis in cancer-bearing patients, which is possibly associated with an inflammatory response of the host to tumor growth. By contrast, a thrombocytosis has also been demonstrated to have the potential to promote angiogenesis, reflecting the aggressive potential of the tumors (14) . Therefore it cannot be concluded whether or not an increase in the platelet in peripheral blood in tumorbearing patients is derived from tumor growth or can promote tumor growth. However, in the present study, we clearly demonstrated that a thrombocytosis may be a good indicator of the malignant potential of the tumor and the poor prognosis of patients with colorectal carcinoma.
On the basis of these findings, we hypothesized that criteria based on the combination of lymphopenia and thrombocytosis should be established to classify the prognosis of the patients with colorectal carcinoma possibly with a more strict stratification. Apart form signaling the tumor stage, the presence of either or both lymphopenia and thrombocytosis, proved to be an independent prognostic indicator in colorectal carcinoma.
In conclusion, lymphopenia and thrombocytosis may provide useful information to predict outcome in patients with colorectal carcinoma with a favorable stratification. The present study predominantly aimed to establish a series of criteria for the prognostic classification of colorectal carcinoma based on only data of CBC that can be applied in the majority of the institutes. Figure 3 . Survival of patients with one or both of lymphopenia and thrombocytosis (thick line) was significantly worse than that of patients with neither (thin line; P=0.0006).
